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GENETIC RELIABILITY OF COMMERCIALLY-BRED LABORATORY MICE
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Woodmansterne Road, Carshalton, SM54EF SUMMARY An analysis of 20 mouse colonies from ]0 different breeders sampled over a period of up to a year using the mandible-analysis technique revealed 3 major cases of lack of authenticity: supply of mice as a pure strain from a colony founded by an unidentified cross: blending of 2 or 3 stocks into a single colony the offspring of which were sold under 3 different names, nOne of which were authentic; differences between nominally identical stock from 2 sources.
These findings are discussed in relation to previously published information using named strains, and a genetic monitoring scheme for commercial breeders is proposed.
Most biomedical research workers are aware that there are large strain differences in a wide range of biological characteristics, (e.g. Green, 1966; Festing & Blackmore, 1971; Staats, 1972) , but accept the word of their supplier that they have been given animals of the correct strain.
Evidence is now available that several of the common albino outbred stocks of laboratory mice in the U.K. are not genetically authentic, and it is questionable whether the published background information on such stocks is valid.
MATERIALS AND METHODS
Mouse colonies were sampled over a period of up to a year from a total of 10 different sources, including several commercial breeders (Table 1) . Samples usually consisted of between 10 and 20 mice of bodyweight 22·32 g. Both inbred strains and outbred stocks were included.
A grand total of 1318 mice in 103 samples from 22 groups were included in the study.
Repeat samples from the same source were separated by a period of not less than a month. The history of the colony was known in only 15 of the 22 groups (Table 1) .
Strains and stocks were identified by the shape of the right mandible by a technique previously described (Festing, 1972 (Festing, , 1973a (Festing, , 1973b . Very briefly, the mice were killed and the mandibles were prepared using the proteolytic enzyme, papain.
A series of 11 measurements were made, 'mandible shape, being 
·But mistakenly supposed to be inbred.
described numerically by 4 computed discriminant functions (DF) (Cooley & Lohnes, 197 ]; Festing, ]973b).
There is evidence that normal environmental factors have little effect on the mandible shape (Festing, 1973a) .
RESULTS
Group means for the 4 DF are given in Table 1 . Most groups came from a single breeder, but CFLP, C3H-mg, CBA and DBA/2 came from 2 or more sources.
As there was no detectable difference between sources, the samples were pooled.
The first 5 groups consisted of a total of 25 samples of what are believed to be genuine LACA, all founded from breeder No. 1 within the last 4 years. All 25 samples were in good agreement apart from anomaly 1 ( Table 2) . Some strains had a very different mandible shape from all other strains in the study, and they could be uniquely characterized using only ] DF. Examples are LACG, C57BL/10, CFLP and C3H/He-mg using the 1st DF and DBA/2 and A2G using the 3rd DF.
The data were explored in more detail by making all possible pairwise comparisons between groups using a t-test. The pooled within groups standard deviation of sample means based on 81 degrees of freedom was used. 2 groups were recorded as being different if a statistically significant (at the 5 % level) difference was obtained with 1 or more DF. If the hypothesis is that strains with different names should be different, and strains with the same names should be the same, a total of 217 correct (94 %) and 14 anomalous comparisons were obtained.
These anomalies are summarised in Table 2 and may be explained as indicated below. Anomalies involving LACA and 'N' mice (1, 2, 7, 10, 11, 12, 13, 14) Although all 25 samples of 'genuine' LACA appeared to be in close agreement (Table I) , there was a small but significant difference on the 1st DF between groups from breeders III and V (anomaly 1). Although this may be a statistical aberration (large numbers of t-tests having been made, some of them might be 'significant' when there is no true difference between groups), it seems likely that small but real genetic differences between groups may be starting to appear as a result of founder effects, selection, and random drift over a 4-year period (possibly 12-16 generations).
Anomalies 10-14 were unexpected. About 4 years ago breeder II had been supplied with genuine LACA stock from breeder I (the Laboratory Animals Centre). However, mandible shape was very different from all other colonies of LACA. Further enquiries established that the breeder had crossed the LACA stock with another outbred stock some years ago. He had been told these were LACA, but they came from a breeder who did not stock LACA. Thus by the breeder's own admission 'LACA' is not authentic, though this lack of authenticity was not suspected before the study was started.
About 2 years ago, breeder II was supplied with a 2nd breeding nucleus of 'genuine LACA'. These were sampled twice, and retained the characteristics of LACA (Table 1 ). At about the same time the breeder started to sell 'N' mice which were sampled 4 times. Anomaly 2 shows that these 'N' mice were different from the 'N' mice supplied by breeder VI, and the stock was not significantly different from breeder II's colony of LACA obtained at about the same time (anomaly 7). The exact source of this stock is not known, but they are believed to have been supplied to the breeder by a customer.
However, it is understood that the whole colony was founded on a single pair of mice. Contrary to popular belief in the u.K. ,the 'N' stock is not inbred, so the use of such a small group could lead to strong effects due to genetic sampling. Presumably the similarity to LACA is chance, though the possibility of an accidental cross to LACA cannot be ruled out, particularly as the stock may have been fostered to LACA after a hysterectomy, and both are albino.
Anomalies involving strain A
Anomalies 5 and 6 involve strain A not being significantly different from CBA or AKR. This is attributable to the very small sample sizes (2 samples totalling 9 mice) used with this strain. VII (3,4,8,9) Breeder VII supplies a number of different outbred albino stocks. However, stocks 'X', 'V' and 'Z' do not appear to be significantly different from each other, though individual samples were rather variable (anomalies 8 and 9). The most obvious conclusion is that the 3 original stocks have become mixed at some time in the past. The breeder admits that 2 stocks were 'blended' and it is possible that the 3rd stock could also have become contaminated without the breeder's knowledge. Again, authenticity was not questioned before this study was started.
Anomalies involving breeder
The similarity between CD-! and stocks 'X' and 'Z' is difficult to explain, and may be coincidental.
DISCUSSION
The main results of the investigation can be summarised as follows:
1. a breeder had been supplying stock over a period of about 4 years under the name 'LACA' when it was clearly and admittedly not authentic;
2. there is good evidence that strain 'N' mice supplied by 2 breeders are not genetically identical;
3. a breeder is supplying what is apparently 1 'blended' stock under 3 different names, none of which appear to be authentic.
There is no evidence that these breeders are acting in bad faith. In some cases they have been multiplying stock supplied to them by a customer and have accepted the stock name in good faith. In other cases, genuine mistakes may have occurred.
Several other cases of the wrong strain being supplied to a research worker have been detected since the mandible analysis technique was developed, and it is clear that the identity of stocks supplied to research workers should not be accepted without question. Nor should much reliance be placed on previously published work using named outbred albino stocks unless the genetic authenticity is satisfactorily established. Scientists go to considerable lengths to ensure that their chemicals are pure and glassware clean. They should pay equal attention to the purity of the animals that they use.
The Laboratory Animals Centre has been grading commercially-bred laboratory animals according to their disease status since 1969 (Townsend, 1969) . The development of the mandible-analysis technique now makes it possible to monitor for genetic authenticity, and plans are well advanced to introduce 'genetic monitoring' of accredited mouse colonies early in 1974.
Accredited breeders wishing to enter their colonies in the scheme (which will be voluntary) will have their premises, breeding methods and records inspected, and samples of mice will be collected for "mandible analysis". If the Centre is satisfied that the colony is authentic, it will be given 'GM' (genetically monitored) status, which may be advertised. Thereafter, the colony will be sampled several times a year to ensure that no dramatic genetic changes have occurred, as would be expected if 2 colonies became mixed. Users should also be able to check genetic constancy of individual samples using these techniques. In this way, the genetic authenticity of experimental mice available to research workers in the U.K. should be substantially improved.
